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CSS, used extensively for nuclear power plant components, has complex 
grain structures that compromise the accuracy of ultrasonic examination. 
Figure 1 shows a pipe-to-elbow joint that is typically used in many 
pressurized water reactors (PWRs). The joint has a columnar-dendritic 
grain structure at one end and an equiaxed grain structure at the other. 
Ultrasonic wave propagation is significantly different in these two 
structures. 
Two major problems must be faced when inspecting CSS: Defect 
detection is hampered by high attenuation and scattering noise by coarse 
grains, and defect location is made inaccurate by velocity variations and 
beam skewing caused by different grain structures. 
CSS can have such grain structures as equiaxed, columnar-dendritic, 
or a mixture of different grain types within the same structure. Coarse-
grain structures of CSS cause high-level grain boundary scattering noises 
and make defect detection difficult. Figure 2 compares noise levels in 
different materials. Note that the gain levels shown on the Figure are 
the instrument gain settings for bringing up the signal (Arrow marked) to 
BOX full-screen-height (FSH). Ultrasonic wave parameters, such as phase 
velocity, energy velocity, attenuation, beam skew, and beam scattering, 
Fig. 1. A typical CSS pipe-to-elbow joint in PWRs. 
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(a) CCSS, Coarse Grains: Gain 36 dB (b) Forged SS: Gain 8 dB 
Fig. 2. Comparison of noise levels in different grain structures. (TR: 
2.25 MHz, 0.5-inch diameter: Target- SDH at 1.5 inch depth). 
Notes: 
d1, d,: Position errors due to veiocity change 
s,, s,: Position errors due to beam skew 
l 
2 .0 ~ 
Fig. 3. An example of grain effects on reflector location within 
columnar grain structure (TR: 1 MHz, 1-inch diameter). 
vary considerably among the different grain structures and are strongly 
dependent upon beam incident angle (elastic anisotropy). Therefore, 
conventional defect location analysis, where both propagating wave 
velocity and beam direction are assumed to be constant, cannot be 
performed accurately. Figure 3 is a plot of true location versus 
experimentally measured location of a side-drilled hole within a block of 
columnar-dendritic grains. 
PROBLEM APPROACH 
Figure 4 outlines the general approach to these problems. The key 
components are: understanding grain effects, identifying the particular 
grain structures, compensating for the grain effects, optimizing the UT 
system and transducer for that particular structure, and applying 
appropriate signal processing procedures. A computer program for 
ultrasonic ray tracing through complex structures was developed. At each 
selected point along the path, the velocity and beam skew are calculated, 
and the new beam direction is determined accordingly. Figure 5 shows the 
beam behavior calculated for the three wave modes as the beam passes 
through a CSS weldment composed of welds between different varieties of 








Fig. 4. General Approach for Ultrasonic Inspection of CSS. 
(cl SH Wave (c) SH Wave 
(a) At a Fixed Point (b) Along a Line Scan 
Fig. 5. Sample Ray Tracing Plots on a CSS Mock-up. 
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SUMMARY OF CSS MATERIAL CHARACTERIZATION VORK 
An extensive investigation of the effects of various grain structures 
on wave propagationwas completed at the NDE Center. Ultrasonic wave 
propagation parameters were measured using specially designed specimens: 
e.g., angled blocks, polygonal blocks, wedge blocks, and calibration 
blocks . The CSS grain structures investigated were: (1) equiaxed fine 
grains, (2) coarse grains, (3) columnar- dendritic grains, and (4) mixed 
grains (statically cast SS). For comparison purposes, forged SS and 
carbon steel were also investigated, even though no significant variations 
were expected in these materials. Longitudinal wave, horizontally 
polarized shear wave, and vertically polarized shear wave modes were used 
in the investigation. The experimental results were then compared with 
theoretical predictions of the wave parameter changes. The measurements 
made dur!ng the experiments included: phase velocity, energy velocity, 
beam skew, signal amplitude, beam width, and frequency influences . Both 
manual and automated UT systems were used for the investigation. Figure 6 
shows typical data plots of the measured wave parameters. Note that the 
multiple lines on the figures illustrate the measurements by 6 different 
transducers: 0.5 MHz, 1 MHz (2 each), 1.5 MHz, and 2.25 MHz (2 each). 
A parametric analysis for velocity, slowness, and wave surfaces was also 
deve+oped to predict wave propagation behavior in a given grain structure 
(characterized by computer generated slowness curves) as shown in Figure 
1. As an example , the incidence angle 15° shows a -34.92 beam skew angle 
in Figure 7 and the SDH signal (L//1) is obtained with the transducer 
located at P#2. Vithout the knowledge of such wave parameter change, one 
could have predicted the SDH location to be at Ll/2 which is considerably 
off-positioned from the true location (L//1). 
CHARACTERIZATION OF CAST SS SAMPLES 
Seventy- five CSS mock-ups, fabricated through the Vestinghouse 
Owner's Group (WOG), have been documented by manual and automated 
ultrasonic techniques for use by utilities for developing or 
demonstrating their inspection procedures. These mock-ups consist of 
different we1d joint configurations that are typically used in PVRs. 
contain laboratory induced mechanical or thermal fatigue cracks. A 




Ultrasonic examinations of CSS were conducted at several power plants 
in the United States to validate improved inspection and data treatment 
techniques. Highlights of the field activities follow . 
Field Demonstration 
Ultrasonic examinations were conducted on three selected weid joints 
of the primary coolant piping system (hot-leg, cold-leg, and eross-over 
welds) of a U.S. PWR to demonstrate the use of automated UT systems in the 
plant for the characterization of CSS. A PCTR-160 UT data acquisition 
board installed in a COMPAQ personal computer was used along with an 
automatic pipe scanner. Approximately 2000 RF-waveforms were collected 
from the three weid joints , and the hardware and the procedures performed 
satisfactorily. 
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Fig. 6. Typical Data Plots of the Measured Wave Parameters 
(CCSS, Columnar-dendritic Grains). 
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Fig. 7. A Typical Computer Plot of the Parametrie Analysis. 
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Fig. 8. A Typical Summary Page of the Specimen Documentation 
2'11 0 
Original Filtered and A veraged 
t<AM UALUE : 65 ~~ 43.55 RHS HOI SE: 7.~5 
"I~ UALUE = -1ß At 44, 19 SHR: 19,3 DB 
F~~ 
Fig. 9 . Ultrasonic image data before and after signal processing (!SI 
elbow data at a U.S. PWR Plant). 
Pre-Service Inspection 
During pre-service inspection of a U.S. PWR plant, an examination was 
performed on an elbow-to-valve joint weld using both manual and automated 
UT systems. Both the elbow and the valve components were made of 
statically cast SS. Earlier radiographs revealed two indications on the 
elbow side of the weld, and the utility wanted to confirm the indications 
by ultrasonics. The raw data collected by an automated UT systemwas 
downloaded to an Enhanced PC system, which was specially configured at the 
NDE Center to process image data. Spatial aversging was applied to this 
raw data to enhance SNR, thereby, to obtain improved ultrasonic images . 
Inservice Inspection 
During the refueling outage of a PWR plant in the U.S., a volumetric 
examination was conducted on a hot-leg elbow (parent material) of the 
primary coolant piping system using both manual and automated UT systems. 
The elbow component was made of statically cast SS. Again, the raw data 
collected was downloaded to an Enhanced PC system to process the image 
data. Spatial aversging and filtering were applied to this raw data to 
enhance SNR. Ultrasonic images before and after the signal processing 
are shown in Figure 9. 
CONCLUSIONS 
Important advances have been made in the ultrasonic examination of 
CSS components. Flaw detection and location are not always reliable 
because different grain structures can profoundly affect the accuracy and 
reliability of ultrasonic examinations. The studies summarized in this 
report have led to the following conclusions: 
o Characteristics of wave propagation in CSS can be used to 
identify the grain structure and to help correct gross flaw 
location errors. 
o Once the grain structure is known, examination equipment and 
techniques can be optimized for that particular structure. 
2,,, 
o Signal processing procedures, such as temporal and spatial 
averaging, have been shown to be effective for improving 
inspection data quality. 
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